INTRODUCTION
The development of physics-based noise prediction tools for analyzing aerodynamic noise sources, such as the jet and airframe ones, is of paramount importance, since noise regulations have become more stringent, and more sophisticated methods are needed to achieve the required noise reductions numerical simulations for the study and mitigation of noise scattering codes, such as the fast scattering code (FSC) from frequencies and can be further accelerated by the method using a method that is easy to implement for any singular -axisymmetric cylindrical and spherically symmetric sources by a cylinder and a sphere is computed and compared with the presented with details on the implementation of the adaptive acoustic scattering by complex geometries, e.g., a cylinder with a cavity, multiple cylinders and spheres, and a multiele-
THEORETICAL FORMULATION
The scattering of sound waves produced by a spatial distribution of concentrated sources is solved in the present represents the pressure disturbances induced by concentrated
p represents the pressure, k is the wave number, Q si represents the i-th source strength, x x si is the i-th e -iwt is assumed for equation is the free space Green function, G(x , y ), which is 
RESULTS
The present section presents results obtained by the -
Code veri cation
problem is compared with the analytical one presented by placed at a distance L the present computations, the distance L of the cylinder is set a k , which corresponds to a frequency of f Hz for a speed of sound c For this test problem, the boundary of the cylinder is -method and by the analytical solution for a distance R a This solution is obtained for a cylinder discretized with elements per box is the maximum allowed in this computa- wave number and dimension of the scatterer in this problem is n ka, this number has to be increased
The convergence residue of the CGS iterative solver is directivity matches perfectly with the analytical solution This is a consequence of the several recursive divisions and the number of boundary elements is increased, the compu-
The second problem considers the acoustic scattering around a rigid sphere due to a spherically symmetric point source is placed at a distance L from the center of the L For this test problem, the boundary of the sphere is method and by the analytical solution for a distance R of boundary elements per box is set equal to one hundred, paper, except for the cavity problem, since we are considersolution for pressure directivity matches perfectly with the -ing order of accuracy and memory usage of the direct and the -
E| , p is the acoustic pressure computed by the numerical method and p -can be controlled by using more terms in the truncated series a plot for the memory requirements for the direct and the fast order O(n ) in terms of memory requirements, while the fast O(n), where n is the number of
Cylinder with cavity
The third test case presents results for the scattering of pressure waves around a rigid cylinder with a cavity, due to a monopole source located non-symmetrically with surface of the cylinder is plotted for a wave number k m a L h d and its length is l due to a monopole source located non-symmetrically accuracy and memory requirements for the acoustic scat-one can see the solution for the same problem, but for a cylinder x y z For the cavity case, the scattering has a preferential direction, -tions obtained for the cylinder with no cavity show the expected effects of the cavity on the scattering of pressure waves can be observer at a radial distance R z the effects of the cylinder with cavity compared to the one with time spent by each method for achieving the desired convercavity due to a monopole source located non-symmetri-the required convergence while the two, three and four-level box should be always chosen to increase the performance of the -pole computations and translations) nor too big (many direct
Multiple bodies
The fourth studied problem assesses the implemented capability in dealing with the scattering of pressure waves around multiple there is always an optimum number of levels of refinement depending on the number of boundary elements and the elements uniformly distributed over the computational box, the improvements in computational cost achieved distribution of the boundary elements is concentrated over a specific region of the computational box, e.g., a wing located along the center of the box, the results show larger problems, a factor of two orders of magnitude reduction 
